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Siil^.'^ ^^"^ '''^''^ ^ ^ terget zones within a 

P^s body to cause release of biologicaJly active substances from fiposomes administered to the patient Th 
procedures may serve to increase cell uptake of drugs and reduce systemic toxicity. 
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FIELD OF THE INVENTION 


TO 


This inv ntion relates to a controlled method for releasing pharmacologically active substances at a 
targeted location within the body In which acoustical shock waves are employed to release pharmacological 
agents from Gposome caniers*at the targeted-area." — - 

BACKGROUND OF THE INVENTION 

Acoustic shock wave treatments of patients have been known but not in relation to drug delivery 
systems. Shock wave treatments have been used widely to break up kidney stones without invasion of the 
patienf a body by Instruments. Such treatments are described, for example. In United States Patent No. 
3.942531 to Hoff et aL and in Extracorpor eal Shock Wave Lithotripsy, t982. edited by Christian Chaussy 
and pubGshed by Karger AG of Basel Swftzertand. The shock waves are generated exterioriy of the 
patient's body in a medium such as water and transmitted Into the patienf s body with suitable coupOng that 
mInimizBS energy absorption at the Interface with the patienf s skin. As pointed out in Chaussy. th shock 
76 waves (which differ from ultrasound wave Inputs in that they have a very steep compression pressure rise 
front and Bttle or no tension component) may travel through normal body tissue at high pressure ampfitudes 
without materially injuring such tissue. 

Liposomes are closed bliayer membranes containing an entrapped aqueous phase. Liposomes may be 
any variety of unilamellar veslcies which possess a single membrane bilayer or multilamellar vesicles which 
20 are onlon-Oke structures characterized by concentric membrane bilayers each separated from the next by a 
layer of water. The stnwture of a membrane bilayer Is such that the hydrophobic {i.e- non-polar) "tails" of 
the lipid nwlecules orient toward the center of the bilayer while the hydrophific 0.e. polar) "heads" orient 
towards the aqueous phases. Bcamples of Opids used in preparing fiposomes indude: 
egg phosphattdytcholine (PC). 
25 drIauroyiphosphatidylchoGne (DLPC), 
dimyristoylphosphatidyfcholine PMPC). 
drpalmitoylphosphatidytehonne (DPPC), 
dioleoylphosphatidytchoGne (COPQ). 
dimyristoyfphosphafldylglycerol (CMPQ). 
30 dimyristoylphosphatidic acid (DMPA). 
dipalmitoylphosphafidtc add PPPA). 
dtpalmltoyiphosphatidylethanolamine PPPE), 
brain phosphatidylserine (PS), and 
brain sphingomyeGn (SM). 
35 Specific mmples of some commonly used liposomes are set forth below. 

PCs P8 1 C 10 1 4 1 1 PC: Phoifihatldyldholin 

PCtClSA 7l2llf 10t4f3 P8f Phos^atldyl 

PCi CI ocp 71211 CI CbolMtarel 

PSiPCic 3i7rl0 DCPidicatylphoa^batt 

48 Appfication of liposomes to therapeutic uses Is described in Uposomes: From Physical Structures to 
''^^®^^°PQ"tic AppHcatlons. Knight ed. Elsevier. North-Holland ^omedical Press,* 1981. The possibimies of 
using these membrane vesides for dnig delivery systems has recehred considerable attention even though 
a number of problems have been noted. In a iiposDme dnig deRvery system the medicament, which may 
. be soluble In water or In a non-polar advent is entrapped during Oposome formation and then administered 

50 to the patient to be treated. See for example United States Patent Nos. 4J235JE^i and 4^4,179. 
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Generally, biologically active substances such as antitumor agents, antimicrobial drugs, antiinflam- 
matory and immunomodulatory agents and CNS-acting dnjgs have been incorporated into liposomes. 
These liposome ncapsulated substances have generally been used for therapeutic applications such as 
cancer therapy, arthritis, metal chelation therapy, enzyme replacement therapy, hemophilia (factor vill). 
myocardial Infarction and the use of Hposomes as radiopharmaceutical marlters- 

A problem area associated with liposome drug delivery systems has related to the release of the drugs 
in vivo. Release oft n has been accompOshed by natural degradation of the fiposomes in the pres nee of 
body fluid, even though there is much difficulty associated with this approach. A liposome which degrad s 
too rapidly releases its contents uncontrollably In a short period of time. On the other hand, a liposome that 
Is too stable also will be ineffective as a means for delivering drugs to the locations where they are desired. 

Moreover, the methods which have been used for directing the liposomes to a particular target have not 
been entirely satisfactory. These methods include -passive" targeting methods which utilize natural 
localization patterns of Gposomes as the result of such factors as liposome size and administration method 
There also are "active' targeting methods which involve the alteration of the natural (passive) tissue 
disposition pattems of fiposomes administered by different routes to cause interaction with specific cells, 
tissues, or organs. In addition, there are "physical targeting' methods which involve the construction of 
fiposomes with physicochemicaJ properties that result in drug release through Rpid bilayer breakdown in 
response to exposure to specific environmental conditions such as changes in temperature and pH. 


SUMMARY OF THE IfiVEfsmON 

It is an object of the present invention to provide for a liposomal delivery method which delivers and 
releases a biologically active substance to a particulariy targeted area, thereby enhancing the uptak of the 
agent In a specifically targeted portion of the body. 

It is a further object of the present invention to provide for a method for defivering an increased 
concentration of cytostatic drug to a targeted areas of the body while Umiting the toxic effect of th drua 
and the rest of the body. ^ 

It is another object of the invention to enhance the cell uptake of a biologically active substance to a 
targeted area by directing acoustic shock waves to the targeted zone to concurrently release the substance 
from fiposomes located in the targeted area and condition the cells in the target area. 
• Yet another object of the invention is to utilize acoustic shock waves to release drugs from fiposom s 
formed from (1) Rpid material which, if used alone, would provide fipid bilayers offering high resistance to 
leakage under the action of shock waves, and (b) another ingredient which coacts with the fipid material to 
provide lipid bilayers which are sensitive to shock waves. 

Briefly stated, the present invention provides a selective defivery method comprising the st ps of 
administering an encapsulated biologically active substance to a body and targeting the delivery of said 
substance to a particular location In said body, wherein said substance is encapsulated In a fiposome upon 
admintstrabon and at least a portion of the substance is selectively released from the fiposome by exposing 
the target area to acoustic shock waves. 

The present invention Is particulariy advantageous in that It provides for enhanced control ov r the 
release of biologically active substances. That is, by means of focused acoustic shock wave exposure of a 
target volume, an encapsulated biotoglcally active substance can be released in controlled doses at 
predetermined locations. Since the present invention provides for the release of a controlled amount of 
encapsulated substances at higher tocal concentration in the targeted area, this not only will enhance the 
probabiOty but also the rate of cell uptake across the cell membrane of a therapeutic amount of the 
substance. 

In addition to the improved targeting of ttie biologically active substance as described above, the shock 
waves can operate on cells In the target area to enhance treatment effectiveness. In the case of tumor 
treatment, for example, the shock waves used to release anti-tumor dnig from the fiposomes may Injur 
cells in the tumor area so as to inhibit tumor growth andAir affect tumor cells so as to have an 
advantageous effect on the uptake of biologicafly active substances into such cells. The uptake by cells is 
characteristically due to diffuskxi processes which are countered by active membrane transport out of the 
cefl. Shock waves can affect such systems to enhance the effect of a drug on the cells. It appears that 
shock wave treatment also can result in a greater exposure of lettial targets inside the cells, and/or repair 
mechanisms of the ceD being compromised. Therefore. r>ot only does the present invention enhance the 
uptake of the bt logically active substance due to large kx:af concentration of the drug In ttie target area. 
but rt concurrentty conditions the cells in the target area In such a manner that the dmg uptake is enhanced. 
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Wrtti the foregorng and other objects, advantages, and features of the invention that will become 
hereinafter apparent the nature of th invention may be more "clearty understood by reference to the 
following detailed description of the Invention, the attached drawings and the appended claims. 

5 

BRIg DESCRienON OF THE DRAWINQS 

RQ. 1 provides a graphical comparison of features of a shock wave and an ultrasound wave. 
RQ. 2 Is a diagrammatic view for illustrating the nature of a lipid membrane. 
to RG. 3 is a diagrammatic showing of a generaOy spherical vesicle formed from a lipid membrane. 

RQ. 4 schematically illustrates a dialy^s method for forming Gposomes. 

RQ. 5 schematically niustrates an apparatus set-up for generating shock waves outside a patient's 
tx)dy and using them to cause the release of blote)gica[ly active substances from liposomes wrtiiin the 
patient's body. 

T5 

DETAiLB) DESCRIPTION OF PRS=ERRED EMBODIMENTS 

As generally described atx>ve, the present invention involves encapsulating a biologically active 
20 sut)stanoe in a Dposomaf-type carrier^ administering the encapsulated substance to the t)ody, and subj cting 
a particular area of the body wher^n it is desired to release the drug to shock wave treatment tiiereby 
releasing the substance in a particular targeted area. 

The nature of the shock waves will be explained witti reference to Rg. 1 which depicts in idealized 
format characteristics of botti an ultrasonic wave impulse which is not suitable \ac the practice of the present 
25 invention and an acoustic shock wave which is suftable. In each Instance, ttie wave form is displayed in a 
pressure vs time diagram where pressure is Indicated by the vertical direction and time is indicated by ttie 
horizontal direction. Pressures above ambient are located above the *time* axis and pressures below 
amtuent are located betow the "time* axis. 

The ultrasound wave at the left of Rg. 1 1s sinusoidal in nature in that the pressure rises regutarty to a 
30 maximum value above ambient fails regularly ttvough ambient and on to a minimum value below ambient 
and tiien rises regulariy again. It will t% understood that the portion of tiie curve above tiie *time" axis 
represent "compression" (shrinking) conditions in the medium in which tiie wave moves and tiie portion of 
the curve betow tiie "time" axis represents "tension" (expanding) conditions in the medium. 

The idealized shock wave at the right of Rg. 1 has a single pressure spike witti very steep onset and a 
35 more gradual relaxation. Moreover, there is no "tension" component In that pressures throughout are above 
ambient 

Some parameters associated with the shock waves which are employed in practidng the invention win 
promote a more comptete understanding. \AWi regard to the steep compression wave front a typical rise 
time (period from onset to peak) is less than about 10*' seconds. The maximum pressure attained will be 

40 quite high, appropriate values being in the range of at>out 1 0 bar to about 2CXK) bar, witii values greater tiian 
50 bar and preferably greater than 100 bar b^ng fevored in the absence of apparatus fimitations or 
prot>l6ms assoc i ated with the subject b^ng treated. The overall duration of tiie whole wave event can be 
expected to be on the order of 5 times 10^* seconds or less, and ttie wave wiU have littie or no "tensile* 
(pressure bekyw ambient) component In ttiis latter regard, any "tensile" component should be less tiian 

45 25%, and preferably less than 10%, of the maximum pressure ampfitude. and any oscillation should be 
minimized. 

The at»ence of extensive tension wave components in shock waves is important fnm the standpoint of 
minimizing tissue damage in patients. Tension wave conditions are tolerated less well than compresston 
wave conditions^ and pressures far betow ambient tend to cause damage to tissue. Hence, tiiese 
50 componmts should be ntirtolsed botii in amplitude and extent where possible. 

TTie trequendes represented in the two types of waves diagrammed In Rg. 1 also are ^gnificant witii 
respect to the fcjtotogical effects the waves produce. The shock waves are broadband waves which have an 
extensive tow frequency range as compared witti ultrasound waves. Since the higher frequencies are more 
readily absorbed by biological material, tiie ultrasound waves tend to produce heat and cellular degradation. 
5S whereas shock waves have far less effect on the patient's body. 
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The liposomes which are useful in the present invention include those havino the tw standard form. 

TTT P'"™" ""^y ^^^^^ ve°sils^SJra Se 

bilayer. The Hptd molecules forni Wlayer membranes «hen thev are ml»d wHh\^r sTf 2. 

molecules have hydrophobic or water^nsoluble tails and h^rophl^? or^i^^earil^ttv^^^^^^ ' 
' from 10 to 24 carton atoms typic^iy l^^^ Zro^^To iTj^lTll^:^ 

SfTjS"?- '^'ir*'^ "P*** are mixed with water, the hydrophoWc tails are atlraSd to e^^J 
aod tejis point Into the membrane's interior, and the polar head groups point outward, 
ro iiiJrtliT?* membranes is generally characterized as a "fluid^osaic^embrane- and is 

JT? S r^^^ Specifically. Gpid molecules 2 having hydrophylic heads 4 and hydrop^ttc 6 
Ti^ JSlV!'"' ^"^^^ tails face eaS^er and the CroSK^ds forrJ 

^ l^"^ '^"^ « «^ '"»rtor of the liposome firSaS; 

represents a high energy bafTier which is Opid-insoluble yoropnooic tails 

" falD.^LSSlT'iZ'H-r 'TTL**^**^ to be Of a -Bq^d crystalline phase" having an order 

present Invention and are formed when the Dpids are mixed with ws^.^Zi^^^ZTt^T^ilZ 

IMim. ^SrS^^ Mulblamellar vesicles may be prepared having diameters are large as about 
ISLSTT "'^^ applications in wtticft the liposomes are intended to circulate hTa mS« 
S^S^Jo"^? 1"^" micrometers or less (e^.. 1 micrometer) will S^se^ oSSJ 
to awid Stopping of the liposomes at unintended places in the blood paths « ecwa oromaniy 

^SSL^ ^"T" "P"' ^ fi"" soIubiii2ed.^tema^|y 1 

sinplrell^oorjlf^'!!''^"™' """^ "'^^ ^ « homieneous'p^Son of 

SSIT-— ^^^^^^^ 

SS^d^ S «r:Cr^"" °' " tn^sfened to 7 mm Ss toblfg ^ 
suDjeoed to dialysis for 84 hours against buffer without chelate at 4'C 

Bpo^^atK.'I^Sr :!SS!f* """^ ^ <'«»«'9«'« '^'"oved from the 

flposomes. Similar to the finrt procedure, this method altows a reduction Of ^ 

avaiSbS'i^.rS,",!^ "^^^^ P"^"* "ses a commercial 

mettS^iS?^ Lvosomat •. This method is schematically illustrated in Rgure 4. Spedficaily. this 

S2^S^1^?^^J*'''J^''* llphWetergerS micelleTutiorS 

SSTSS^if? ? l»» formation of Pposomes. The mixed fipid/detergent solution M is pumped bv 
pump PI through dialyser 01. The dialysis fluid B is continuously pumpe?by pump P2 *^rd^yse^ 
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D2- Th detergent is continuously removed and the liposomes are fonmed within a few minutes. After one 
passag through the dialyser, the liposomes are already fom^ed. stitf containing 50-60% residual deterg nt 
Further cycles are used to remove more detergem. After at^out 90 minutes, the residual detergent 
concentration is below 1%. For this procedure a Rpid concentration of 20 mg/ml is recommended. 
5 Th selection of the appropriate Tiposom and biologically active substance for delivery tn vivo will 
depend on a number of .factors indudtng proposed.use, route pf administration, dose, properties of the 
sutjstance, efficiency of substarKO entrapment liposome size and composition, tissue disposition kinetics of 
clearance from the drculation if injected i.v. 

For purposes of the present invention. It will at times be desirable to incorporate inegularfties into the 
TO membrane to fedGtate drug release In response to shock waves. Such irregularfties may be formed by 
using a mixture of Qpids having different length fatty add chains or attematively* by incorporating proteins 
into the membrane. The use of proteins 10. 12 and 14 fn a membrane is iUustrated in Rg. 2. These proteins 
may span or partially span the membrane or may be deposited tiiereon. it has been found that such 
inregularfties allow for the use of liposomes having Dpid bilayers which alone are typically very stable but as 
75 the result of the preserioe of the Irregularities, release the biologically active substance when tiie liposome 
is subjected to shock waves. 

To demonstrate the effect of incorporating irregularfties such as proteins Into a Cposome, it will be 
helpful to compare the effect of shock waves on Gposomes containing substantially no proteins with tiie 
effect of shock waves on Gposomes having protons inc or porated ti)eretn. 
20 Carboxy^=luoresc^n (Eastman), a fluorescent dye. was dissolved in a buffer (135 mM IMaCI, 10 mM 
Hepes) at a pH of greater than 10. The buffer was then a^fusted to a pH of 7.2. The concentration of the 
dye was about 100 mM. Sodium chotate (1%) was dissolved Into this buffer and mixed 1:1 with a Gptd 
solution (20 mgmil) of asolektin. a lipid isolated from soybeans, also containing 1% chelate. This mixture 
was transferred to a dialysis tubing (Sen/a) and subjected to dialysis. For tills purpose tiie dialysis tubing, 
together with 3,3 gr Blobeads (Buka) and the buffer (containing ttie dye) was stirred in a flask for af least 24 
hours. The vesicles obtained by this me(ttH)d had a homogeneous size-distribution witti a diam ter of 
approximately BO rm{*f* 5%). 

After completion of tiie dialysis, ttie ve^es were separated from excess dye in tiie external medium 
by means of column dvomatography using a Sephadex (3-50 column (Pharmada) with dimensions of 25 
so cm X 1 cm. According to size, the vesicles appeared in the exdusion-volume of the column after 5 minutes 
at standard pressure. After 15 minutes, the excess dye leaves the column. The veside solution was then 
diluted for use. The resulting ve^des st>owed no passive leakage upon storage for 14 days. Th 
fluorescence of the vesicle solution was then measured botii prior to and after the shock wave treatment An 
increase of the fluorescence signal after the shock wave appGcation would indicate the successful exchange 
35 of dye solution from the internal medium of the veside to tiie external medium. A number of shock waves 
between 1 and 1000 (at 25 kV) were appGed to tiie veside suspension. There was, however, no chang f 
the fkiorescence ^gnal observed. Therefore, the vesides had remained stable witii no exchange tjetween 
the tntemal and external medium. 

Lipid vesides, into which a purified membrane protein, tiie Na.K-ATPase Is reconstituted, were 
40 produced with reconstituted Na.K-ATPase and tiie fluorescent dye. Separation from tiie excess dy was 
achieved with the Sephadex Q-50 column. The veside concentration was adjusted in the same way 
described above. After shock wave treatment of the veside solution an Increase of tiie fluorescence signal 
was observed. This shows that by reoonstitution of a protein and the corresponding perturtsation of the Gpkl 
matrix, ttiere results a release of tiie intravesicular volume. 
45 To determine if a particular Gposome is suitable for release shock wave treatment an easy in vitro 
test may be used. In essence, such a test Involves incorporating into a Gposome a fluorescent dye such as 
Cart)oxyFluorescein (Eastman). The dye shoukj be such tiiat It exhibfts Gttie or no fluorescence at tiie 
tntemal pH of tiie Gposome. The Gposomes containing tiie dye are then suspended in a buffer having a pH 
in wiiich the dye exh&its greater fkiorescence. After incorporating the dye, tfie fluorescence of Gposome 
50 suspension is measured, the Gposomes are then subjected to shock wave treatment in vitro and sut>se- 
quentiy. the suspension is measured again for fluorescence. If there in an increase in the fluorescence of 
tiie suspension, this in<£cates that the Gpo^xne released at least a portion of tiie encapsulated dye. 

To determine the appGcat)iGty of a particular btologicany active substance or Gposome to a particular 
ceG Gne. andher simple in vftro test may be used. Liposomes containing a biologically active substance 
55 may t)e layered on top of a ceG Gne and then subjected to treatment with shock waves. After about 10 
minutes, tiie Gposomes may be washed out and the incubation ceil grewtti analyzed to determine tiie 
continuous viat>iGty of the cells and how many cells are no longer viable. 
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To determrne Ih amount of a particular biologically active substance which is delivered to a targeted 
kx^OJi. a radiamaeing method may be used. That is. a radioactive substance such as technetium 99 {6 hr 
half-We) encapsulated in.fiposonies may be administered .along with the Oposome encapsulated druo This 
may be accompfished either by ncapsulating the radioactive substance along with the drug or bv 
enMpsulaUng the radioactiv substance in liposomes which are separat from those which carry tt,e diuc 
* ^ radioactive substance can then.be monitored using gamma camera imaging The 
r!°IfL ^ "^"ata ^ the amount of biologically active substance which is 

r5?^ ^ information, the amount of encapsulated substance to be administered for 
a paitcular application can be optimized. 

Uposornes rnay be introduced In vivo by a number of different routes of adminlstraton such as 
intravenously (iv). intraperitoneally pp). Intramoscularty fim). subcutaneously (sc). orally and tortMllv 
However, the partoular route of administraHon may be closely related to the paricu^ treL^ g^^e 
^ ^"^"^ inventionrntravenous admini^rn 

n,o«IJl^?^J?^ " "^"^ *ose targeting 

mSST^ "^"^ P*"^' «^ Physicochemui 

ipe present invemion may advantageously be appDed In a number of different contexts. f=or examola 

applicable for the delivery of cytostatic substances In or near a target orgaa M»ucu.any 
Adriamydn (doxonjUdn). for example, is a cytostatic dnjg which is used in the treatment of a variety of 
tfflerem cano«, ^ as carcinomas of the breast, ovaor. endometrium, bladder, thyroid 1 tn Snt 
Hon regimes lor diffused lymphomas and Hodgkin's disease. It Is also useful in aoTleulcemiasXirwi 
sa^ osteogenic «n»m«. soft tissue san»ma and neuroblastoma as well as muKiplX^loml^J 
SZS^Ji^f .^IfT*- ^ 'lo^^bWn binds tightly to DNA by its 

SLlTm ^ " P"^a»y concentrated in n Jciear structures, 

h^r^^results in inhibrtion. by stenc hindrance, of DNA synthesis and DNA^ependent RNA synthesis 
and the production of single strand breaks In DMA. «y<iuwsis 

mosffmtS^irr !? Of <l~g. the use of Adriamydn results In several adverse side effects. The 

most Important toxicities involve the heart and bone mamow. It may cause transient cardiac arrythmlas and 
^^on of myocardial function. Chronic cardiotoxidty has been reported by 30% of^ente ^o 

^Z^lf ^^^"^ '"«y occur at low total doses or in several monZ 

^terdfecontnuaton of treattnent The use of this drug also results In leukopenia. thrombocyto^nS 
J2)«ia^ nausea, vomltng. stomatitus and esophagits. In addition. impaim,ent of hepatic fun^on may 
result which may lead to severe myelosuppressive toxicity with therapeutic dosages 
«noS!l^! T^^ T"^ ej^ence a rapid uptake by all tissues. Therefore. It is difficult to supply 
^^^^^ 1!^".'^*°'* ^ toxic effects of the drugs. It is 

esbmated that when cytostatic dmgs such as Adrlamydn are administered to the body in an untlgeted 

Jl^hiJZS'^ •'"^ '» ^''^ fro™ the body, twenty-five percent is Zded 

throughout the body with only one percent actually treating the tumor. 

Mr.u^^'HS^f ^ '"^"y above^escribed side effects of cytostatic 

drugs. Spedfkally. the present invention wouM allow for ttie use of relatively stable liposomes tharebv 
STZ? the '«« Of the body and minimizing ti,e J^iiSSJi^^^J 

^o^dnjg ihroughout the body. In addition, ttie targeted release by shodc waves of an increased 
Of the d~9 intfw vidnity of a tumor wouW likely enhance the uptake of an effective amount 

m^*erand timing of shodc waves which are appned to a particular area of tiie body. This is easily ttie 
case when Iv adminislrBtion is used and the particular tocation of treatment is well supplied wHh blood ( 
efl., the kidney or liver ). * 

n, J2L"*Tl!''*'® ^ appHcations of ttie present invention which are available. For example, ttie 
^ .f * anesttietics In a comrolled and locally targeted manner w as to 

ET^L^J^^ J^' '"'^^ hemorrt«ging may be released from nposomes in 

ftearea of ttie kidney dunng ttie treatment of kidney stones witti shodc waves, so as to help reduce 
bleeding dunng treatment *^ >«~u«» 

Local disintegration of dots by controlled and targeted release of an appropriate biologically active 
a*star«9i^ anottier potential use of ttie present invention. The present Inv ntion is alsoappOcable to 

^^i^^^^'^y substances whidi in subsequent diemical 

reactions wWi a positive ttwrmal effect hwally overtieat ttie respective volume. 
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Rg. 5 shows a diagrammatic vi w of an apparatus setup for rsleastng pharmacological preparations 
within a patienTs body by shock wave treatments. A shock wave source 32 and a patient 34 are positioned 
in a container 30 of water which preferably is degassed. This source 32 is to be understood as a spark gap 
device driven by an electrical condensor which releases its energy in a very short time. An arc arises 
between th electrodes which, in approximately 1 microseconds vaporizes the water surrounding the arc's 
path, establishing a plasma-like state. The result is an exptosior>-like vaporisation of the water which 
produces a shock wave that spreads out in a drcufar fashion. 

VAfti this embodiment the shock wave source is arranged in the focus Fl of an ellipsoid of revolution 
36. Shock waves emanating from the shock wave source are concentrated in the focus 1=2 where the organ 
to be treated is k)cated and where lipid vesicles also are located. Since the speed of sound in the water 
bath is about the same as ttie speed of sound in body tissue, the Illustrated anangement advantageously 
couples the shock waves into the patientfs body with Dttte refiection of energy at the body-water tnteriace 
and with Gttie GkeGhood of Ir^ury to the patient, all in a manner well known to those skilled in medical 
applications of shock waves. 

The illustrated arrangement also permits safe relative movement between shock wave source and parts 
of the patient's body, so that the shock waves may be focused to the internal zones where the release of 
drugs from the vesicles is desired. 

Other physical arrangements are of course pos^le. For example. Instead of using a water bath for th 
pafient It has been proposed to interpose a suitable diaphragm or membrane between the patient's skin 
and a water t>ody in which shock waves are generated. With such arrangements, a flexible t>ellpws can be 
used for coupGng so that relative movements can be accomplished for focusing the shock waves as 
required. 

Other systems for generating shock waves may of course be used if desired. It is known, for Instance, 
that laser beam energy focused at the focal point Fl can produce an acoustical shock wave emanating from 
that point. 

Other energy inputs (e.g., etectromechar^cal sources and piezoelectric generators) and other focusing 
techniques {e.0., hemispheres, lenticular focusing by a lens or lens system) also are possible. An array of 
piezoelectric devices anrariged on a spherical segment or concave support and suitably driven to provide 
shock wave outputs, can provide shock waves which conv er ge or focus at a point or zone spaced away 
from the support and such an arrarigement has t)een proposed for introducing shock waves into a patient's 
body. 

The release of pharmacofogical agents from vesides as a result of the effects of the shock waves upon 
the leakage or encapsulating, characteristics of the vesides is not in ail instances the only significant result 
flowing from the shock wave treatments. Shock waves also niay have medically benefidal ffects in 
corxlitioning patient celts in tiie target zone for more effident uptake of the drug released from the 
liposomes and/or in acting upon the cells in a marmer which is medically complimentary to the action of the 
drug. 

The present invention is further illustrated by the folk)wtng Example. However, the Example is not to be 
construed as in any way Gmiting the present invention. 


EXAMPLE 

Using the method disdosed in Onuma et at Jpn. J. Cona Res. 77. 1161-1167 (1986). Andriamydn 
(AOM) may be encapsulated in liposomes. Egg yolk phosphatidyichoGne (40 micromol). cholesterol (20 
micromoO. dipaimitoytphosphatidic add (4 micromoles) and 3-(2-Pyridykttthio>-diproprionyldpaimiotyl- 
phosphatidylethanolamine (0.6 micromol) may be dissdved in an organic solvent such as chforoform and 
methanol, with the organic solvent being subsequently removed by evaporation. One ml of ADM solution 
(20 mg/ml in saline txiffer) may tiien be added to the dried film- with multilamellar vesides being formed by 
vortex dispersion. Small unilamellar vesicles may tiien be fonmed by probe sonication. and unencapsulated 
ADM removed by gel filtration on a Sephadex (Pharmada) columru 

The liposomes should then be suspended in a physidogical saOne buffer containing approximately 155 
mmd NaCl at a pH of 7.2. A 50 ml sample containing approximately \00 mg ADM rrtay tiien be prepared 
for intravenous bolus administration. 
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o^ J^ J^^ ^ intravenously to a patient having ovarian cancer over a 

T , Tn^^'''^^" °' administration, tti^patient is Objected to sh^k wave 

fre^ent to release ADI^ in the area of the tumor. The shock waves are tocused oveTabout a iZ^Z 
w),.ch includes the .ocation of the tumor, and applied every few seconds o^pS S^me ^i^ie^ 
relea^ a tumor cell inhibiting -sufficient amount of ADM as monitored by radioimagim * 
it wil^^rSSffS'*'"" ■ ^■'"bodi'^ents of the invention is intended as" exemplary, and 

lr!»!L*»!^ ^ "l""/ variations of the present invention are possible inHahTS 

.^s^rSe" pun^ew Of ^ appended ..ms w^o. dep^ng fL ^ ^^a^ 


Claims 


1. A method for defivering an increased concentration of cytostatic substance to the site of cancer r«iic 

2. A method for treating a tumor which comprises encapsulating a cytostatic druo in r«v««n«». 

T ^ ? K H^*^ ^^■'^ *^ at the site of the toTor 

3. A method of enhancing the cell uptake of a biologically active substanca r^dZTZ • • 
encap^lating the sub«anoe in . UposonSe. defivering tS ^2^,^ SSS;^^? ^e sS STL".? 
^fe^i Sr:f"irS^^ .reatmentU sh.S^ to JSSTn Se ^lltd to «l^* 

^t?"*^"^ ~b««»n« the liposome at the site of the cell. 
arK, thtrSn^^d Sra"?^^.'- ^ ac«ve substence is a cytoste«c substenc« 

suifiLitTl!!!!^**^ to dalm 4 wherein the liposomes are administered Intravenously in an amount 
t^ZZ.'^o^^Z""^Zr^'^ at the Site Of the cancer cells ^d wh^rsS 

-rfrr^^^ of ^ - abo. 

omJLCiiTJf!? '^U"? "^"^'"9 from (1) lipid material which 

:re.^^^-i^ dred^ettor «^ ^^-^ ^ - — - 

the ^« SniSS;; ^^'-^ active agent is a cytostetic dn.g and 

waviUrlSr "^"^ *° " ~" "'^^ of «^ agent IS enhanced by the shock 

sula^ iS^TSZT*"" 2J?f concurrently administering liposome encap- 
SlISt^trStST ' "^"^ ^ concenL'on of the 

contli iieJutJes'rreJSJS blS;:" ""^^ ''^ ^'^^'^ "''^'""V «t«^'e and 

15. A method according to claim 14 wherein the irregularities are prrt^^^^ 
by sIL in the target area Of the agent Is enhanced 
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